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DESCRIPTION 



GLASS COMPOSITION, SEALING GLASS FOR MAGNETIC HEAP AND 



MAGNETIC HEAP USING THE SAME 

Technical Field 

The present invention relates to a glass composition 
having a low softening point which is used as a bonding 
material, sealing material, coating material for materials 
such as ceramics, glass and metal, or as a paste material and 
the like. 

The present invention also relates to a magnetic 
head suitable for recording and reproducing magnetic 
information on a magnetic recording medium, and to a sealing 
glass for bonding a pair of magnetic core halves constituting 
such a magnetic head. 



Background Art 

In various parts used for electronic equipment, 
different glass materials are used as the materials for 
bonding, sealing or coating a variety of components each 
comprising ceramics, glass, metal or the like. These 
materials are used in various forms such as a bulk, powder, 
fiber and thin film, either as a material consisting only of 
glass or as a composite material comprising a glass material 
and other materials. Also used in a variety of applications 



is a paste material imparted various functions, which is 
obtained by mixing a glass material as a glass frit with some 
other material and a suitable filler, vehicle or the like. 

One exemplary application of a glass material in the 
above -described purpose is a magnetic head, which records and 
reproduces magnetic information on a magnetic recording medium. 
In a magnetic head, a glass material is used for bonding a 
pair of magnetic core halves to form a magnetic gap. Such a 
glass material is generally called a sealing glass, and 
represents an important component which exerts influence even 
on the performance of a magnetic head. 

In the following, conventional magnetic heads will 
be described. 

Ferrite is widely used as core materials for 
magnetic heads because of its superior magnetic property, 
abrasion resistance, machinability and the like. A magnetic 
head called a ferrite head is obtained by butting against each 
other a pair of magnetic core halves each comprising ferrite, 
at least one of which is formed with a groove for a coil, with 
a magnetic gap material comprising a non-magnetic material 
interposed therebetween, and bonding the core halves together 
with a sealing glass. 

Further, with the recent realization of 
miniaturization and high capacity for magnetic recording and 
reproducing devices, magnetic recording media having a high 
coercive force have been increasingly used. As a high-density 



magnetic head for magnetic recording which is capable of 
sufficiently writing signals on such media, improved versions 
of the above- described ferrite head have been developed. 

Among them, a magnetic head called a metal in gap 
(MIG) head is obtained by coating a pair of magnetic core 
halves at gap-facing surfaces thereof with a magnetic metal 
film having a high saturation magnetic flux density (e.g., a 
thin film of a magnetic metal material such as Fe-Ta-N, 
Fe-Nb-N, Fe-Nb-Si-B-N, Fe-Ta-C, Co-Ta-Zr-Nb or Co-Nb-Zr-N. 
Hereinafter referred to as "a magnetic metal film."), butting 
the pair of magnetic core halves against each other with a 
magnetic gap material interposed therebetween, and bonding the 
core halves together with a sealing glass. 

Also, a magnetic head called a laminated head is 
obtained by butting each other a pair of magnetic core halves, 
each of which is constituted by sandwiching a metal magnetic 
film between non-magnetic substrates, with a magnetic gap 
material interposed therebetween at the ends of the magnetic 
metal films of the core halves, and bonding the core halves 
together with a sealing glass. 

In recent years, with the increasing demand for the 
realization of high performance and high reliability for 
electronic equipment and various parts, including the above- 
described magnetic heads, the requirements for the glass 
materials used in the purpose discussed above have become more 
severe . 
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These glass materials need to be subjected to a 
suitable heat treatment when used, and it is required that a 
temperature for the heat -treatment be as low as possible in 
order to prevent materials other than the glass material, 
parts containing a glass material and equipment containing a 
glass material from being degraded due to heat. As a glass 
material in compliance with such requirement, a so-called 
glass having a low softening point is used, 
p Meanwhile, the coefficient of thermal expansion of a 

J;;* glass material, in general, tends to increase with a decrease 

!i in the softenin 9 point of the glass material. Then, in order 

to prevent a fracture and a crack due to the distortion 
T'l occurred after cooling, it is required to decrease the 

55 coefficient of thermal expansion. Furthermore, in the case of 

Sj the above-described magnetic heads, for example, it is 

necessary to control the distortion in order to realize an 
optimum magnetic recording property and, therefore, glass 
materials having suitable coefficients of thermal expansion 
depending on the specifications of the respective magnetic 
heads are demanded. 

Accordingly, these glass materials are required to 
have suitable temperature characteristic and coefficient of 
thermal expansion depending on their respective uses. More 
specifically, glass materials used in the recent electronic 
equipment and various parts are required to have a working 
temperature of from 450t: to 650t: and a coefficient of thermal 



expansion of from 70X10" 7 to 130Xio~ 7 /C- The working 
temperature used herein means a temperature at which the 
viscosity of a glass material becomes 10 3 Pa-s. Also, the 
softening point means a temperature determined by the 
measurement by the testing method JIS R 3104, that is, a 
temperature at which the viscosity of a glass material becomes 
10 6 * 6 Pas. Except for glass materials exhibiting a special 
viscosity behavior, the working temperature of a glass 
material tends to decrease with a decrease in its softening 
point . 

Heretofore, lead glasses of Si0 2 -B 2 0 3 -PbO type, B2O3- 
PbO-ZnO type and the like have been used as glasses having a 
low softening point, and the addition of lead has been 
essential for realizing a low softening point. 

However, the conventionally used glasses having a 
low softening point including lead glasses are not sufficient, 
especially in terms of water resistance, to be used for the 
recent electronic equipment and various parts each having even 
higher performance and higher reliability. 

In particular, with the increasing demand for the 
realization of higher performance and higher reliability, a 
magnetic head is occasionally exposed to a grinding fluid or 
the like for a long time during the processing step, resulting 
in a problem of eroding the sealing glass. In other words, 
the chemical durability of the sealing glass has often posed 
problems . 



Additionally, the glass materials used in such 
purpose have been required to be lead-free. 

In order to solve the above -de scribed problem in the 
prior art, it is an object of the present invention to provide 
a glass composition having a low softening point and an 
excellent water resistance despite being lead-free. It is 
another object of the present invention to provide a sealing 
glass for a magnetic head comprising the above glass 
composition, and a magnetic head using the same. 

Disclosure of Invention 

In order to solve the foregoing problem, the present 
invention provides a glass composition containing 0.5 to 14 
wt% of Si0 2 , 3 to 15 wt% of B 2 0 3 , 4 to 22 wt% of ZnO, 55 to 
90 wt% of Bi 2 0 3 , 0 to 4 wt% of A1 2 0 3 , 0 to 5 wt% of at least 
one selected from the group consisting of Li 2 0, Na 2 0 and K 2 0, 
and 0 to 15 wt% of at least one selected from the group 
consisting of MgO, CaO, SrO and BaO. Herein, the content of 
each component in the above glass composition was expressed in 
terms of an oxide. 

The present invention also provides a sealing glass 
for a magnetic head comprising the above glass composition. 

The present invention also provides a magnetic head 
comprising: a magnetic core halves butted against each other 
with a magnetic gap material interposed therebetween, at least 
one of which is provided with a groove for a coil; and the 



above sealing glass for a magnetic head that bonds the core 
halves . 

The present invention further provides a magnetic 
head comprising: a pair of magnetic core halves butted 
against each other with a magnetic gap material interposed 
therebetween at gap-facing surfaces of the core halves r at 
least one of which is provided with a groove for a coil and 
at least one of which is formed with a magnetic metal film 
on the gap-facing surface; and the above sealing glass for 
a magnetic head that bonds the core halves together. 

Further, the present invention provides a magnetic 
head comprising: a pair of magnetic core halves butted against 
each other with a magnetic gap material interposed 
therebetween at ends of magnetic metal films of the core 
halves, each of which is constituted by sandwiching the 
magnetic metal film between non -magnetic substrates and at 
least one of which is provided with a groove for a coil; and 
the above sealing glass for a magnetic head that bonds the 
core halves together. 

Brief Description of Drawings 

FIG. 1 is a perspective view of a ferrite head as 
one example in accordance with the present invention. 

FIG. 2 is a perspective view of an MIG head as one 
example in accordance with the present invention. 

FIG. 3 is a perspective view of a laminated head as 
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one example in accordance with the present invention. 

FIG. 4 is a top plan view of a relevant part of the 
magnetic head shown in FIG. 3. 

Best Mode for Carrying Out the Invention 

In order to obtain a lead-free glass material having 
a low softening point, it is necessary to use a component 
having the function of lowering the softening point and 
working temperature, in place of an oxide of lead. The 
present invention provides a glass composition mainly composed 
of an oxide of bismuth, which has a working temperature of 
from 450*0 to 650T:, a coefficient of thermal expansion of from 
70X10" 7 to 130XKTVC and an excellent water resistance. 

The above glass composition contains, in terms of an 
oxide, 0.5 to 14 wt% of S±0 2 , 3 to 15 wt% of B 2 0 3 , 4 to 22 
Wt% of ZnO, 55 to 90 wt% of Bi 2 O s , 0 to 4 Wt% of A1 2 0 3 , 0 to 
5 wt% of at least one selected from the group consisting of 
Li 2 0, Na 2 0 and K 2 0, and 0 to 15 wt% of at least one selected 
from the group consisting of MgO, CaO, SrO and BaO. 

The following is the reason why the content ranges 
of the respective components were limited as above. 

When the Si0 2 content is less than 0.5 wt%, a stable 
glass cannot be obtained, or alternatively, when it is more 
than 14 wt% , the working temperature exceeds 650*0; therefore, 
the content is preferably from 0.5 to 14 wt%. 

Further, when the Si0 2 content is high, a crystal is 



prone to precipitate in the glass; therefore, the content is 
more preferably from 0.5 to 12 wt% in order to reduce this. 

When the B 2 0 3 content is less than 3 wt%, the 
coefficient of thermal expansion increases, or alternatively # 
when it is more than 15 wt%, a stable glass cannot be 
obtained; therefore, the content is preferably from 3 to 15 
wt%. 

Further, when the B 2 0 3 content is high, a crystal is 
prone to precipitate in the glass; therefore, the content is 
preferably from 3 to 9 wt% in order to reduce this. 

When the ZnO content is less than 4 wt%, the water 
resistance deteriorates, or alternatively, when it is more 
than 22 wt%, a stable glass cannot be obtained; therefore, the 
content is preferably from 4 to 22 wt%. 

Further, when the ZnO content is high, a crystal is 
prone to precipitate in the glass; therefore, the content is 
preferably from 4 to 19 wt% in order to reduce this. 

Further, in order to obtain a more stable glass, the 
weight ratio of ZnO and B 2 0 3 (Zn0/B 2 0 3 ) is preferably from 0.8 
to 2.8. 

When the Bi 2 0 3 content is less than 55 wt%, the 
working temperature exceeds 650*0, or alternatively, when it is 
more than 90 wt$, a stable glass cannot be obtained; therefore, 
the content is preferably from 55 to 90 wt%. 

Further, when the Bi 2 0 3 content is high, a crystal is 
prone to precipitate in the glass; therefore, the content is 
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more preferably from 55 to 85 wt% in order to reduce this. 

Although A1 2 0 3 is not necessarily an essential 
component, it has the functions of accelerating vitrification 
and improving water resistance. However, when its content is 
more than 4 wt%, the working temperature exceeds 650*0; 
therefore, the content is preferably from 0 to 4 wt%. 

Further, in order to obtain a more stable glass, the 
weight ratio of Si0 2 and A1 2 0 3 (Si0 2 /Al 2 0 3 ) is preferably not 
less than 2.0. 

Although Li 2 0, Na 2 0 and K 2 0 are not necessarily 
essential components, the addition of at least one of them 
allows the working temperature to decrease. However, when 
their contents exceed 5 wt% , the coefficient of thermal 
expansion increases and the water resistance deteriorates; 
therefore, the contents are preferably from 0 to 5 wt%. 

Further, when their contents are high, a crystal is 
prone to precipitate in the glass; therefore, the contents of 
Li 2 0, Na 2 0 and K 2 0 are preferably from 0 to 2 wt%, 0 to 3 wt% 
and 0 to 4 wt%, respectively, and further, the total of the 
contents is preferably from 0 to 4 wt%. 

Although MgO, CaO, SrO and BaO are not necessarily 
essential components, the addition of at least one of them 
provides a stable glass. However, when their contents exceed 
15 wt%, vitrification is difficult to proceed; therefore, the 
contents are preferably from 0 to 15 wt%. 

Further, when their contents are high, a crystal is 



prone to precipitate in the glass; therefore, the contents of 
MgO, CaO, SrO and BaO are 0 to 6 wt% , 0 to 8 wt%, 0 to 10 wt% 
and 0 to 12 wt%, respectively, and further, the total of the 
contents is preferably from 0 to 12 wt%. 

Any component other than the above can be added for 
the purpose of a certain type of modification, as far as the 
effect of the present invention is not impaired. 

Magnetic heads in accordance with the present 
invention each using a sealing glass comprising the above 
glass composition will be described in detail in the examples, 
which will be discussed later. 

In the following, the present invention will be 
specifically described with reference to examples; however, 
the present invention is not limited to these examples. 

Examples 1 to 30 

Glass compositions 1 to 30 having the respective 
compositions listed in Tables 1 to 3 were produced as 
examples of the glass composition in accordance with the 
present invention . 

After predetermined raw materials were prepared 
and mixed, the obtained mixture was placed in a platinum 
crucible to be molten in an electric furnace at 900*C to 
1300*0 for 1 hour. Subsequently, the molten glass thus 
obtained was rapidly cooled by means of a roller to produce 
each of the glass compositions in accordance with the 
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present invention. The composition, working temperature, 
coefficient of thermal expansion and water resistance of 
each of the resultant glass compositions were shown in 
Tables 1 and 2, 

The working temperature, coefficient of thermal 
expansion and water resistance shown here were evaluated as 
follows . 

First, the working temperature was evaluated by 
measuring the viscosity of each molten glass to determine a 
temperature at which the viscosity became 10 3 Pa fc s and 
regarding this as the working temperature* 

The coefficient of thermal expansion was 
evaluated by producing a glass rod with a diameter of 4 mm 
and a length of 20 mm from each of the resultant glass 
compositions , and measuring the coefficient of linear 
expansion thereof while increasing the temperature at 10*C 
/min to calculate the average coefficient of thermal 
expansion at 30*0 to 300*0. 

The water resistance was evaluated by producing a 
cubic sample with a side of 10 mm from each of the 
resultant glass compositions, and immersing this sample in 
a boiling ion exchange water for one hour to determine the 
weight loss per unit area. In order for a glass 
composition to be used for various components or the like, 
this value is preferably not more than 1.0 mg/cm 2 . 
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As shown in Tables 1 and 2, it was found that the 
sealing glasses in accordance with the present invention 
had a working temperature of from 450*C to 650*0, a 
coefficient of thermal expansion of from 70Xio~ 7 to 130 x 
10~ 7 /t; and an excellent water resistance despite being 
lead- free. 

Additionally, the glass compositions produced as 
above are preferably amorphous when used, in terms of 
fluidity or the like. However, the glass compositions 
might be crystallized after the heat treatment, depending 
on the uses. 

These glass compositions could also be used in 
the form of a bulk, powder, fiber, thin film or the like. 
They could be used in any other form. Each of the above 
glass compositions could be used either as a material 
consisting only of the glass composition or as a composite 
material comprising the glass composition and some other 
materials . 

These glass compositions could be used for all 
types of applications, including various parts of 
electronic equipment, as a bonding material, sealing 
material and coating material for ceramics, glass, metal 
and the like, or a paste material having various functions, 
in place of conventionally used glass compositions. For 
example, they could be used for magnetic heads, various 
parts of LCRs, semiconductor packages, other electronic 
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components, and display devices such as Braun tubes, liquid 
crystal display panels and plasma display panels. Moreover, 
they could be used for tubes and bulbs for lighting, enamel 
products, ceramic products and the like. 

Comparative Examples 1 to 6 

Glass compositions 31 to 37 having the respective 
compositions listed in Table 3 were produced as comparative 
examples of the glass composition in accordance with the 
present invention . 

After predetermined raw materials were prepared 
and mixed, the obtained mixture was placed in a platinum 
crucible to be molten -in an electric furnace at 900*0 to 
1200*0 for one hour. Subsequently, the molten glass thus 
obtained was rapidly cooled by means of a roller to produce 
each of the glass compositions as the comparative examples. 
The composition, working temperature, coefficient of 
thermal expansion and water resistance of each of the 
resultant glass compositions were shown in Table 3. Here, 
they were evaluated in the same manner as in Example 1 . 
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Table 3 



NO. 


31 


32 


33 




1 


jD 


O / 


v^oniposxx.xoii \WL-6 I 




0.7 


1.5 


9.9 


3.0 


16.5 


15.2 


23.5 


B 2 0 3 


16.0 


7.6 


12.3 


9.0 


3.0 


8.5 


2.3 




ZnO 


8.1 


8.9 


4.5 


10.0 


0.5 


1.2 


2.4 




PbO | 


73.7 


78.6 


70.4 


74.0 


79.5 


68.5 


65.3 




A1 2 0 3 


0.5 


0.4 


1.6 


1.0 


0.5 


4.7 


3.2 




Li 2 o ! 


















Na 2 0 






1.3 


- 


- 


1.9 


3.3 




K z O 


0.7 


1.9 














MgO 


















CaO 


0.3 


1.1 














SrO 


















BaO 








3.0 








Working temperature 


fC) 


480 


480 


540 


490 


530 


630 


650 


Coefficient of thermal 
expansion ( X 10 ~ 7 /°C) 


95 


107 


91 


96 


104 


88 


91 


Water resistance (mg/cm 2 ) 


3.3 


4.0 


1.9 


2.8 


2.1 


1.5 


1.3 



As shown in Table 3, it was found that the lead- 
containing glass compositions of the comparative examples 
had a poor water resistance, although they had a working 
temperature of from 450*0 to 650^ and a coefficient of 
thermal expansion of from 70X10" 7 to 130 xio" 7 /t. 



Example 31 

FIG. 1 shows a perspective view of a ferrite head 
as one example of a magnetic head In accordance with the 
present invention. A magnetic core half 2 comprising 
ferrite and a magnetic core half 3 comprising ferrite that 
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was provided with a groove 1 for a coil were butted against 
each other with a magnetic gap material 4 interposed 
therebetween, and bonded together with sealing glasses 5 
and 6 . 

The glass composition 8 produced in the above 
example was used as the sealing glasses 5 and 6, each of 
which was heat-treated at 605*0 to complete the fabrication 
of the ferrite head shown in FIG. 1. 

Mn-Zn single crystal ferrite was used as the 
ferrite constituting the magnetic core halves 2 and 3, and 
fused silica was used as the magnetic gap material 4. 

The fabricated ferrite head produced no crack or 
fracture, and no erosion or the like was observed in the 
sealing glass portion, thereby exhibiting a desired 
magnetic transducing characteristic. 

Example 32 

FIG. 2 shows a perspective view of an MIG head as 
one example of a magnetic head in accordance with the 
present invention. At magnetic gap-facing surfaces of 
magnetic core halves 8 and 9, each of which comprised 
ferrite and was provided with a groove for a coil 7, 
magnetic metal films 10 and 11 were provided to form a 
magnetic gap material 12 between the magnetic metal films 
10 and 11. The magnetic core halves 8 and 9 were bonded 
together with sealing glasses 13 and 14. 
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The glass composition 18 of the above example was 
used as the sealing glasses 13 and 14 , each of which was 
heat-treated at 515°C to complete the fabrication of the 
MIG head shown in FIG, 2. Mn-Zn single crystal ferrite was 
used as the ferrite constituting the magnetic core halves 8 
and 9, a film of Fe-Ta-N having a saturation magnetic flux 
density (Bs) of 1.6 T was used as the magnetic metal films 
10 and 11, and fused silica was used as the magnetic gap 
material 12. 

The fabricated MIG head produced no crack or 
fracture, and no erosion or the like was observed in the 
sealing glass portion, thereby exhibiting a desired 
magnetic transducing characteristic. 

Example 33 

FIGS. 3 and 4 show an example of a laminated head 
as one example of a magnetic head in accordance with the 
present invention. FIG. 3 is a perspective view of another 
example of a magnetic head in accordance with the present 
invention. FIG. 4 is a top plan view of a relevant part of 
the magnetic head shown in FIG. 3. 

A magnetic core half 21, which was provided with 
a groove 15 for a coil and constituted by sandwiching a 
laminated body of a magnetic metal film 16 and an 
insulating film 17 between non-magnetic substrates 18 and 
19, and a magnetic core half 20, which was constituted by 
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sandwiching the same laminated body as above between non- 
magnetic substrates, were butted against each other with a 
magnetic gap material 22 interposed therebetween, and 
bonded together with sealing glasses 23, 24 and 25. 

The glass composition 9 of the above example was 
used as the sealing glasses 23, 24 and 25, each of which 
was heat-treated at 495*C to complete the fabrication of 
the laminated head shown in FIG. 3. A Co-Ta-Zr-Nb alloy 
having a saturation magnetic flux density (Bs) of 0.8 T was 
used as the magnetic metal film 16, and fused silica was 
used as the insulating film 17. Also, a ceramic substrate 
of MgO-NiO-Ti0 2 was used as the non-magnetic substrates 18 
and 19, and fused silica was used as the magnetic gap 
material 22. 

The fabricated laminated head produced no crack 
or fracture, and no erosion or the like was observed in the 
sealing glass portion, thereby exhibiting a desired 
magnetic transducing characteristic. 

It should be noted that any conventionally used 
material could basically be used as the magnetic core, 
magnetic metal film, magnetic gap material, insulating film, 
non-magnetic substrate and the like in each of the above 
ferrite head, MIG head and laminated head. 

Additionally, the sealing glass for a magnetic 
head in accordance with the present invention could also be 
used for any other magnetic head having a structure other 
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than those of the above -described magnetic heads. 

Industrial Applicability 

As described above, the present invention 
provides a glass material having a low softening point and 
an excellent water resistance despite being lead- free, and 
thus it provides a bonding material, sealing material, 
coating material for various materials such as ceramics, 
glass and metal, as well as a paste material having various 
functions. 

Consequently, a sealing glass for a magnetic head 
in accordance with the present invention has the property 
of having a low softening point and an excellent water 
resistance despite being lead-free. 

Therefore, the use of a sealing glass for a 
magnetic head in accordance with the present invention 
provides magnetic heads such as a ferrite head, MIG head 
and laminated head, each exhibiting high performance and 
high reliability. 



